Abstract: For the determination of accurate quantity of impurities in the samples authentic impurity standards or response factors at a given wavelength must be known. In the presented work a convenient method for determination of relative response factors of impurities has been described without using an authentic impurities standard. An approach for the determination of response factors of the impurities where impurity standard is physically not available was developed and verified using different approaches. One such method was developed and verified by RP-HPLC using Cosmosil C18 MS-II column at UV 238 nm. Two different approaches were employed and the verification of correctness of approach was done using a known related substance of known response factor.
Introduction
Impurities arising from the manufacturing process or via degradation are required to control in the drug substances and drug product. There are guidelines from the international conference on harmonization 1-2 (ICH) for reporting threshold, identification threshold and quantification threshold of impurities in new drug substances and drug products. It is very important to determine the actual reproducible values of impurities within these threshold values. The most accurate method of quantifying the impurity is to use external standard of the impurity, this is not always practically possible due to the non availability of ample supply of impurities. It is very difficult to isolate or synthesize and to maintain the impurities standard over several years as this also requires periodic reevaluation of impurities.
Alternatively, response factors (RF) of the impurities are used for the determination of actual amount of impurities present in pharmaceuticals. The response factor is the ratio between a signal produced by impurity and active pharmaceutical ingredient (API) under the same detection condition. Response Factors (RF) are determined by the analysis of standards and are used to calculate the concentrations of analytes in samples using the following equation;
No significant work has been done on the determination of response factors of impurities in drug product and drug substances using HPLC and UV-Vis. Detector. Ping Sun et al. 3 has reported the determination of Relative Responses factor (RRF) of impurities in Paclitaxel in authentic pure materials which was estimated using high performance liquid chromatography equipped with ultraviolet and charged aerosol detectors 3 . Gregory et al. 4 has reported the determination of relative Responses factor (RRF) using NMR spectrophotometer in absence of any authentic standards 4 . Liang et al. 5 used chemiluminescent nitrogen detection in pharmaceutical analysis for the determination of equimolar response for nitrogen present in impurities 5 . A formula for the determination of relative response factors was derived for butter oil fatty acids and a regression line representing the best fit of the equation was calculated by Steen et al. 6 using gas chromatography 6 .
Where, F and CN are the relative response factor and the number of carbon atoms in the fatty acid butyl esters, respectively and a and b are constants. Nussbaum et al. 7 used chemiluminescence nitrogen-specific detector for the determination of relative UV response factors by HPLC for nifedipine. Influence of relative response factor in the determination of organic micro contaminants with isotopically labeled standards was studied by Luigi et al. 8 in the in the analysis of organic micro contaminant entails. Investigation of response factor ruggedness for the determination of drug impurities using high-performance liquid chromatography with ultraviolet detection was done by Bernard A. Olsen et al 9 .
In the presented work two different approaches have been demonstrated for the determination of response factors of unknown and unspecified impurities and the verification is done using authentic impurity standard.
Experimental
Acetonitrile and methanol of HPLC grade were used of Rankem. Ultra pure millipore water was used. Ammonium bicarbonate (AR grade) triethylamine (HPLC grade), trifluoroacetic acid (LR grade) were obtained from Merck, In house prepared montelukast working standard, sample and michael adduct impurity wee used.
Instrumentation and chromatographic conditions
The HPLC system (alliance, waters) consisting of UV / PDA detector empower software was used. Analytical balance (Mettler Toledo) was used. HPLC analysis was conducted using a Cosmosil MS-II, 250 mm x 4.6 mm, 5 µm particle size column. Mobile phase A constituted of 0.01 M ammonium bicarbonate solution, added tritely amine 2 mL per litter and pH adjusted to 7.3 with trifluoroaceic acid, buffer and 60% and acetonitrile 40%. Methanol was used as mobile phase B and diluent. Program gradient elution (time/min.) %B-0/13, 45/87, 50/87, 53/13, 60/13 was used with UV detection at 238 nm, flow rate 2 mL/min., column oven temperature 40 °C and injection volume 10 µ L.
Response of Impurity RF = Response of API
Results and Discussion
The IUPAC name of montelukast sodium compound with structure A is Chromophoric structure of both the compounds is almost similar hence the molar absorption coefficient of both the components will be almost the same at 238 nm. The UV spectra of micheal adduct-1, micheal adduct-2 and montelukast are shown in Figure 2 . Figure 2 . UV spectra of micheal adduct-1, 2 and montelukast The response factors were determined by two different approaches. In approach-1 two types of samples, sample A and sample B of montelukast sodium were selected. Sample A contains very trace amount of michael adduct impurity and it was prepared by subsequent purification and re-crystallization and sample B contains some higher amount of michael adduct impurity. Sample A and sample B were blended in different compositions and then individual sample A, sample B and different blended mixtures were injected separately. Concentration of the main drug was adjusted in such a way that, it is within the acceptable linearity range of HPLC. The area count and % Area for both micheal adducts were taken by adding the response of both the peaks of micheal adduct-1, micheal adduct-2 added. Theoretical % area was calculated as per formula given below; Theoretical % area = {( A 1 x R 1 ) + (A 2 x R 2 )} / 100 Where, A 1 and A 2 are the area of impurity in sample A and sample B and R 1 and R 2 are concentration of sample A and sample B respectively in the blended samples. (% area in B x ratio added)}/100 RF values are calculated as per formula given below; RF value = Theoretical % area / Actual % area RF value was calculated for individual blended mixture and finally average RF value was calculated. The average calculated, RF value obtained is 1.06 (Table 1) . Representative chromatograms are given in Figure 3 to Figure 5 . Concentration of main drug was adjusted such, that it is within the acceptable linearity range of instrument (HPLC). In approach-2 linearity was plotted with the total area of micheal adduct (1+2) against the micheal adduct concentration in all five samples. Concentration of michael adduct was calculated by multiplying % area with RF value calculated as per Table 1 . Separately linearity of montelukast standard was determined at lower level (concentration similar to the concentration of micheal adduct (1+2). The montelukast standard solutions were prepared similar to the concentration of michael adduct. RF value of micheal adduct (1+2) was calculated using the slop method, as given below;
RF value = slope of standard / slope of impurity 5 RF value obtained with approach-2 is 1.05 (Table 2) , which is very close to the value obtained with approach-1 ( Table 1) . 
Verification for RF value using impurity standard
For the verification of RF values obtained with approach-1 and approach-2, small amount of impurity was isolated using preparative HPLC. Linearity of micheal adduct (1+2) was performed with montelukast standard as per USP and ICH guidelines 10, 11 and RF value was calculated using slope method (eq.5). The RF value obtained is 1.08 (Table 3) which is very close and is within acceptable range with the RF values obtained with approach-1 and approach-2. Representative chromatograms and linearity plots are given in Figure 6 and Figure 7 . 
Conclusion
Determination of correct quantified value of any impurity is very important in pharmaceutical industry. The presented work describes two different approaches for the calculation of RF values without using impurity standard in drug substances and drug products. This method can be applied for any potential impurity present in sample. Verification of the approaches using impurity standard further strengthens the accuracy and correctness of the method.
